The renin-angiotensin system (RAS) plays a crucial role and angiotensinogen levels, this relationship persisted in the regulation of fluid volume, thereby influencing for ACE in multivariate analyses controlling for BP, blood pressure (BP). Obesity is an important risk factor hypertension status, age, and gender. The for hypertension, however the physiologic basis for this insertion/deletion polymorphism of the ACE gene was relationship has not been clarified. In a population surassociated with variation in the levels of ACE, but inconvey we examined the potential relationship between the sistently with body mass index. Variants of the angio-RAS and obesity. Based on community sampling, 449 tensinogen gene leading to amino acid substitutions at individuals were recruited from metropolitan Kingston, positions 174 and 235 did not influence levels either of Jamaica. Serum angiotensin-converting enzyme (ACE) angiotensinogen or obesity. These data suggest that and circulating angiotensinogen levels were measured obesity may alter the levels of ACE and angiotensinand the associated genes were typed for previously ogen, and provide a potential pathway through which described polymorphisms. Obese individuals (body obesity leads to elevation of BP. mass index Ͼ31) had significantly higher serum ACE
Introduction
(PRA) in obese dogs. 9 Elevated PRA has likewise The renin-angiotensin system (RAS) is a powerful been found in dogs after 5 weeks on a high-fat diet, humoral regulator of fluid volume and blood pressdespite marked sodium retention and increased ure (BP).
1,2 Despite the effectiveness of pharmacolextracellular fluid volume. 12 Elevated PRA and aldoogic agents which block the production of angiotensterone were described in obese humans as well, sin II in the treatment of hypertension, the and weight loss is associated with a reduction in contribution of increased RAS activity to the etiolthese hormones. 10, 11 Alterations in the activity of ogy of this disorder is less well accepted. Recent PRA and aldosterone were recently confirmed application of molecular markers associated with among persons with central obesity, including both the genes coding the proteins of the RAS have demhypertensives and normotensives. 13 The failure to onstrated genetic control for both the angiotensinsuppress angiotensin II levels, despite the volume converting enzyme (ACE) and angiotensinogen expansion and increase in BP that accompanies (AGT) 3-5 and a link to hypertension has been obesity, suggests that other mechanisms which reported. 5 Recent studies now suggest that a stimulate the activity of the RAS must exist in this majority of the between-person variation in both of condition, or perhaps the sensitivity of the regulatthese hormones can be accounted for by genetic facory mechanism has been reduced. Evidence has tors. 6,7 Other than the well described effect of pregbeen reviewed which suggests that activation of the nancy and sodium balance, 8 the environmental and sympathetic nervous system and altered intrarenal individual risk characteristics that influence the physical forces in obesity could lead to enhanced activity of the RAS have not been characterized. renin secretion.
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The influence of obesity on BP and salt balance Only limited attention has been given to the has been the subject of numerous investigations, potential relationship between obesity and the RAS however studies on the potential link between overin epidemiologic research. Although obesity is the weight, BP and the RAS have been infrequent. [9] [10] [11] [12] [13] most important single modifiable risk factor for Rochini et al 9 reported increased aldosterone hypertension, little is known about the mechanism linking the two conditions. We initiated a com- approximately balanced between persons above and *P Ͻ 0.000; **P Ͻ 0.05; ***P Ͻ 0.01 between obese and nonbelow the 140/90 hypertension cut-point were obese groups.
invited to a full screening examination in the clinic of the Tropical Metabolism Research Unit (TMRU). Informed consent was obtained after an explanation and waist:hip ratio were also higher. Levels of both ACE and AGT were increased among the obese (P of the nature of the project. A brief physical examination was carried out and BP re-measured using an Ͻ0.05). These differences persisted, but were nonsignificant. oscillometric device (Dinamap 1846SX). 15 Height, weight and waist/hip circumference were measured
In correlation analysis a consistent pattern emerged among BMI, BP and the markers of RAS in light clothing. Obesity was estimated as body mass index (BMI), by dividing weight in kilograms, activity (Table 2 ). Significant correlations of virtually identical magnitude were noted between BMI by height in meters. 2 The ratio of waist-to-hip was used to estimate the pattern of central vs peripheral and the following variables: ACE, AGT, systolic BP (SBP) and diastolic BP (DBP). Waist:hip ratio was fat distribution. Venous blood was drawn and serum and buffy coat separated. Measurement of ACE also associated with AGT level, but not ACE (Table  3) . Age was involved in this matrix of relationships, activity and AGT level were carried out as previously described. [16] [17] [18] [19] DNA was extracted and subalthough the associated 'P' value was only of borderline significance (P = 0.06). Since waist:hip ratio is sequently shipped to the Department of Human Genetics at the University of Utah for genotyping at strongly correlated with age ('r' = 0.3), simple correlations between waist:hip and factors related to age the ACE and AGT loci.
4,14
Five hundred and thirty-nine participants were should be interpreted with caution. Although these relationships involving the RAS are quantitatively examined in the clinic. BP and anthropometric measurements were available on 500 subjects and weak, it should be noted that obesity is a major predictor of hypertension risk, and the association with laboratory analyses, including ACE genotype, were available on 449. Data on the AGT genetic markers ACE and AGT are of similar magnitude as those observed between BP and BMI. for mutations at amino acid position 174 were available for 140 persons and at position 235 for 143
Given the patterns observed, the principal analytic problem in this set of data becomes the indepersons.
pendence of the relationships which are being modelled. In multivariate regression analysis with BMI Statistical analysis as the dependent variables, ACE was a significant independent predictor of the level of adiposity Analyses were performed with programs available in SAS (SAS Institute, Cary, NC, USA). 20 Descriptive (Table 3) , while the coefficient for AGT was associated with a borderline significant 'P' value. In a more characteristics by group were examined through use of the t-test and the 2 statistic. Inter-relationships intuitive estimate of this association, a bivariate comparison by quartiles of ACE and AGT levels sugamong variables were examined with correlation and regression analyses. A stratified analysis of the gested an additive effect of both hormones on BMI (Figure 1) . BMI values for the first quartile of ACE relationships among ACE, AGT and BMI was carried out by defining persons in the four quadrants of a and AGT were 25.7 ± 6.0, while 29.9 ± 5.3 for persons in the fourth quartile of both hormones (P Ͻ bivariate distribution of the two physiologic parameters. Statistical significance was noted if a com-0.01). Based on the genotypic markers available at the puted two-tailed probability value of less than 5% (P Ͻ0.05) occurred.
ACE and AGT loci a modest excess of obesity was observed among persons with ACE 'I' allele (P = 0.07) ( Table 4) . As noted previously, 8 ACE activity
Results
was influenced by this polymorphism, and a nonsignificant trend in AGT levels was also apparent The principal descriptive characteristics of obese and non-obese individuals stratified by hyperten- (Table 5) . BMI was not different among persons with the various ACE genotypes, however, and no effect sion status, appear in Table 1 . Women were more likely to be obese than were men. As expected, BPs was seen for the AGT genetic markers as well. (8) 
Discussion
We report an association between obesity and two markers of the activity of the RAS, namely circulating AGE and AGT levels. Obese individuals in this population survey had higher levels of AGT and ACE than the non-obese, and this finding persisted These data suggest a physiological role for adipocyte cyte AGT production leads to increased angiotensin *P Ͻ 0.01 among different ACE genotype groups.
II production, arterial constriction and thus decreased fat pad perfusion. Other studies have found a marked influence of weight loss and weight gain in AGT levels in mice. 27 AGT mRNA in the rat BP. A similar association was noted between waist: hip ratio and AGT, suggesting that fat distribution aorta was found to be closely associated with periaortic brown adipose tissue and only a lesser extent might play an additional role. The strong colinearity between total fat and abdominal fat in most surveys to the adventitia.
28
Because angiotensin II stimulates the production suggests that estimates of regional effects should however, be interpreted with caution.
of prostaglandins in isolated epididymal adipocytes, these observations suggest that a paracrine angiotenThe mechanisms responsible for weight-related increase in BP are obscure, although consideration sin system might exist to regulate some aspects of white adipose tissue function. 29 This hypothesis has been given to renal salt handling, insulin resistance and alterations in the sympathetic nervous sysraises questions about the potential impact of ACE inhibitors on adipocyte metabolism, and energy tem. The potential exists for the RAS to play a role in these pathways, through an influence on renal homeostasis. Although the drugs as a class are not viewed as having an impact on the adipocyte, it is function. [10] [11] [12] [13] The increased renin secretion observed can be produced by a reduction in macula interesting that in some studies in humans, use of ACE inhibitors has been associated with significant densa sodium chloride delivery. Obesity causes marked increase in renal absolute and fractional weight loss.
30,31
Although it is possible that the necessary informasodium reabsorption at a site beyond the proximal tubule, as estimated by measurements of fractional tive markers may have not been examined, our results suggest that obesity, independent of BP and lithium reabsorption. 21, 22 The exact mechanisms that could stimulate loop of Henle sodium chloride genotype obesity can influence the expression of ACE and AGT. Further investigation of this question reabsorption are uncertain but may be related to histological changes in the renal medulla that contribwill require longitudinal analyses of the evolution of BP in obese and non-obese subjects in relation to ute to increases in renal interstitial fluid and solid tissue pressures, which in turn tend to cause tubular AGT, ACE and weight change. compression. In addition, the quantitative importance of increased angiotensin II formation to the altReferences ered pressure natriuresis and hypertension associa- would be true in non-obese hypertensives. cal tissue now known to express AGT is adipose 1629-1633. tissue, 24 although the functional role of the adipo- Developmental regulation of AGT gene expression
